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1
1 $L=\mathbb{Z}\alpha$ $V_{L}$ , $L$ -l-isometry
2 . $V_{L}^{+}$
$V_{L}^{+}$ $V_{L}$ . $V_{L}$
, $V_{L}^{+}$ $\alpha$ square
length (‘2 $\cross$ ( )?? ,
.
2
$(V, \mathrm{Y}, 1,\omega)$ ( $V$ ) . $\mathrm{Y}$
$V$ End $V[[z,z^{-1}]]$ , $\cdot$ $a\in V$ , $\mathrm{Y}$
$\mathrm{Y}(a, z)=\sum_{n\in \mathrm{Z}}a_{n}z^{-n-1},$ $a_{n}\in \mathrm{E}\mathrm{n}\mathrm{d}$ $V$ . $L_{n}=\omega_{n+1}(n\in \mathbb{Z})$
, $\{L_{n}\}$ $V$ Virasoro , $V$ $L_{0}$
;
$V=\oplus_{n\in \mathrm{Z}}V_{n}$ , $V_{n}=\{a\in V|L_{0}a=na\}$ .
$V_{n}$ $a$ $n$ , $n=\mathrm{w}\mathrm{t}(a)$ .
.
2.1. $(V,\mathrm{Y}, 1,\omega)$ . admissible $V$- ,
$\mathrm{N}$ $M=\oplus_{n\in \mathrm{N}}M_{n}$




$(M,\mathrm{Y}_{M})$ $a,$ $b\in V$ $u\in M$ :
(1)
$\mathrm{Y}_{M}(a, z)v\in M((z)),$ $\mathrm{Y}_{M}(1, z)=\mathrm{i}\mathrm{d}_{M}$ ,
(2)(Jacobi ).
$z_{0}^{-1} \delta(\frac{z_{1}-z_{2}}{z_{0}})\mathrm{Y}_{M}(a, z_{1})\mathrm{Y}_{M}(b,z_{\mathit{2}})-z_{0}^{-1}\delta(\frac{z_{2}-z_{1}}{-z_{0}})\mathrm{Y}_{M}(b, z_{2})\mathrm{Y}_{M}(a, z_{1})$
$=z_{2}^{-1} \delta(\frac{z_{1}-z_{0}}{z_{2}})\mathrm{Y}_{M}(\mathrm{Y}(a, z_{0})b,z_{2})$ , (2.1)
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(3) $a\in V$ $m,$ $n\in \mathbb{Z}$ ,
$a(n)M_{m}\subset M_{\mathrm{w}\mathrm{t}(a)+n\iota-n-1}$ .
admissible $V$- $M$ , $N$ $V$ $M$
$\mathbb{N}$ . admissible V-
, , ,
, .
22. $V$ , admissible $V$ - ,
.
$V$ , admissible V-
.
23. $V$ , $M=\oplus_{n\in \mathrm{N}}M_{n}$ admissible V- ,
$M_{0}\neq 0$ . $\lambda\in \mathbb{C}$ , $M_{n}$ $L_{0}$ $\lambda+n$
. , $\mathrm{Y}_{M}(\omega, z)=\sum_{n\in \mathbb{Z}}L_{n}z^{-n-2}$ .
admissible $V$- $M$ $\lambda$ $M$
.
$\mathcal{P}(V)=$ { $\lambda\in \mathbb{C}|\lambda$ admissible V- }
. $V$ , $\mathcal{P}(V)$ .
3 $V_{L}^{+}$ admissible
, 1 $L$ $V_{L}^{+}$ admis-
sible . , [FLM]
, [DN] .
$L=\mathbb{Z}\alpha$ 1 , $\langle\alpha, \alpha\rangle=2k,$ $(k\in \mathbb{Z}_{>0})$ . $\mathfrak{h}=\mathbb{C}\otimes_{\mathbb{Z}}L$
, $\hat{\mathfrak{h}}=\mathfrak{h}\otimes \mathbb{C}[t, t^{-1}]\oplus \mathbb{C}K$ ,
$[X\otimes t^{m}, X’\otimes t^{n}]=m\delta_{m+n,0}\langle X, X’\rangle K,$ $[K,\hat{\mathfrak{h}}]=0$
$(X, X’\in \mathfrak{h}, m,n\in \mathbb{Z})$ Lie . , $\hat{\mathfrak{h}}$ Lie
$\hat{\mathfrak{h}}^{-}=\mathfrak{h}\otimes t^{-1}\mathbb{C}[t^{-1}]$ . $L^{\mathrm{o}}$ $L$ , $L^{\mathrm{o}}$ $L^{\mathrm{o}}= \bigcup_{-=0}^{2k-1}(\lambda_{\mathrm{r}}+L)$
coset . , $\lambda_{r}=r\alpha/2k$ . $\mathbb{C}[L^{\mathrm{o}}]=\oplus_{\beta\in L^{\mathrm{O}}}\mathbb{C}e_{\beta}$ $L^{\mathrm{o}}$
, $L^{\mathrm{o}}$ $M$
$V_{M}=\oplus\beta\in MS(\hat{\mathfrak{h}}^{-})\otimes_{\mathbb{C}}e_{\beta}$
. , $V_{L}$ , $0\leq r\leq 2k-1$
K,+ admissible VL- .
$L$ -1-isometry $Larrow L,$ $\beta\vdash i-\beta$ $S(\hat{\mathfrak{h}}^{-})$
2 $\theta$ . VL $u\otimes e_{\beta}$ }$arrow\theta(u)\otimes e_{-\beta},$ $\cdot(u\in$
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$S(\hat{\mathfrak{h}}^{-}),$
$\beta\in L^{\mathrm{o}})$ , $\theta$ . K \mbox{\boldmath $\theta$}-
$W$ , $\theta$ $\pm 1$ - $W^{\pm}$ . , $V_{L}^{+}$ $V_{L}$
, $V_{L}^{\pm},$ $V_{\alpha/2+L}^{\pm}$ $V_{\lambda_{r}+L},$ $(1\leq r\leq k-1)$ admissible
K+- .
$V_{L}^{+}$ $V_{L}$
$\theta$ , $\theta$-twisted $V_{L^{-}}$
$V_{L}^{+}$- . . $\hat{\mathfrak{h}}[-1]=\mathfrak{h}\otimes$
$t^{1/2}\mathbb{C}[t,t^{-1}]\oplus \mathbb{C}K$
$[X\otimes t^{m},X’\otimes t^{n}]=m\delta_{m+n,0}\langle X,X’\rangle K$, $[K,\hat{\mathfrak{h}}[-1]]=0$
$(X, X’\in \mathfrak{h}, m,n\in 1/2+\mathbb{Z})$ Lie . , $\hat{\mathfrak{h}}[-1]^{-}=\mathfrak{h}\otimes$
$t^{-1/2}\mathbb{C}[t^{-1}]$ $\hat{\mathfrak{h}}[-1]$ Lie . $S(\hat{\mathfrak{h}}[-1]^{-})$ $L$
-1-isometry $\theta$ . $\pm 1-$
$S(\hat{\mathfrak{h}}[-1]^{-})^{\pm}$ . , $\mathbb{C}[L]$ , e
1, -1 1 $T_{1},$ $T_{2}$ . , $V_{L}^{T,\pm}.\cdot=$




3.1. ([DN]) a .ssible VL+\leftrightarrow
{ $V_{L}^{\pm}$ , VQ2 L’ $V_{r\alpha/2k+L}V_{L}^{T,\pm}.\cdot,$ $|i=1,2,1\leq r\leq k-1$ }
.
mlmissible $V_{L}^{+}$- , $\mathcal{P}(V_{L}^{+})$
$\mathcal{P}(V_{L}^{+})=\{0,1, r^{2}/4k, 1/16,9/16|1\leq r\leq k\}$ (3.1)
.
4
, . [A] .
4.1. ( ) $L=\mathbb{Z}\alpha$ 1 , $\langle$ $\alpha,$ $\alpha)=2k,$ $(k\in \mathbb{Z}_{>0})$ .
$k$ , $V_{L}^{+}$ .
. .
4.2. (1) $M$ admissible $V_{L}^{+}$ - . $\lambda\in \mathbb{C}$ , $M^{(\lambda)}$





. , $\oplus_{n=0}^{\infty}M^{\mathrm{t}^{\lambda}:+n)}$ $M$ admissible VL+-
.
(2) $\lambda$ . $(\lambda+\mathbb{Z}_{>0})\cap \mathcal{P}(V_{L}^{+})=\emptyset$ , $M=\oplus_{n=0}^{\infty}M^{(\lambda+n)}$
admissible Vj- .
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, [Z] Zhu . Zhu $A(V)$
$V$ , , $A(V)$ $V$
admissible ,
. Zhu , Zhu
$V$ , $V_{L}^{+}$ $V$
. $V_{L}^{+}$ Zhu $A(V_{L}^{+})$
[DN] . .
4.2 Zhu $A(V_{L}^{+})$ ,
$k$ . (3.1) , 0 42 (2)
. 42 VL+\sigma 2 . $k$
. , .
43. $k$ . , 0, 1, 1/16, 9/16 $r^{2}/4k,$ $(1\leq r\leq k)$
. , $\lambda\in \mathcal{P}(V_{L}^{+})\backslash \{0\}$ $(\lambda+\mathbb{Z}_{>0})\cap \mathcal{P}(V_{L}^{+})=\emptyset$ .
$1\leq r\leq k$ [ , $r^{2}/4k,$ $r^{2}/4k-1/16,$ $r^{2}/4k-9/16\not\in \mathbb{Z}$
, $1\leq r\neq s\leq k$ , $(r^{2}-s^{2})/4k\not\in \mathbb{Z}$ . ,
$r\neq s$ ( $(r^{2}-s^{2})/4k$ [ . $(r^{2}-s^{2})/4k$
$1\leq r<s\leq k$ . $k$ $1\leq s-r\leq k-1$
, $k|(r+s)$ . [ , $3\leq r+s\leq 2k-1$ , $r+s=k$
$k\geq 3$ . , $(r^{2}-s^{2})/4k=(2s-k)/4$ ,
$k$ . .
44. $k$ , $0\leq r<s\leq k$ $r^{2}/4k-s^{2}/4k\in \mathbb{Z}$
. , $k$ , $k$ $q(q\leq p)$ $n$
$k=pqn$ . , $0\leq np-nq<np+nq\leq npq=k$
, $(np+nq)^{2}/4k-(np-nq)^{2}/4k=n\in \mathbb{Z}$ .
43 42(2) , $k$ , .
45. $k$ , $\lambda\in \mathcal{P}(V_{L}^{+})\backslash \{0\}$ , $M=\oplus_{n=0}^{\infty}M^{(\lambda+n)}$
admissible VL”- .
,b\not\in \gamma \leftarrow \leftarrow \hslash \Phi ‘‘‘\check \supset 4.\check 1\mbox{\boldmath $\tau$}\emptyset M-[---ffi$= \bigoplus_{\mathrm{B}fl\hslash\grave{\grave{)}}^{\frac{n-\infty-}{\overline{\pi}}7\text{ }}}0.\# M^{()}n\text{ _{}1^{\backslash },-\lambda^{-}\mathrm{F},\mathrm{A}\text{ }\mathrm{f}\mathrm{f}\mathrm{i}\text{ }\underline{-}\mathrm{B}fl|^{arrow\backslash }\supset\mathrm{A})^{-}C_{\overline{\beta}}^{-}m-\mathrm{B}fl\grave{\text{ } }}\nearrow\nearrow\nearrow \text{ },\mathrm{a}\mathrm{d}\mathrm{m}\mathrm{i}\mathrm{s}\mathrm{s}\mathrm{i}\mathrm{b}1\mathrm{e}V_{L_{\frac{}{\overline{\pi}}}}^{+}D\mathrm{O}\Phi.\hslash^{\grave{\grave{\mathrm{a}}}}\overline{\overline{\pi}}\text{ _{}\mathfrak{o}\mathrm{f}\mathrm{l}\text{ ^{}\backslash }\text{ }}\backslash \urcorner_{\backslash ^{\backslash }}$ .
46. $k$ , $M=\oplus_{n=0}^{\infty}M^{(n)}$ admissible VL+-
.
$u\in M$ , $u$ $M$ admissible V+-
(u) ( . $u\in M^{0}$ , $\langle u\rangle^{(1)}=\mathbb{C}L_{-1}u$ . $L_{-1}u\neq 0$
. , $\langle L_{-1}u\rangle\cong V_{L}^{-}$ $\langle u\rangle/\langle L_{-1}u\rangle\cong V_{L}^{+}$ .
, ad ssible $V_{L}$ -
$0arrow V_{L}^{-}arrow Narrow V_{L}^{+}arrow 0$
, admissible $\langle u\rangle\cong V_{L}^{+}\oplus V_{L}^{-}$
. $L_{-1}u=0$ . , $L_{-1}u\neq 0$ , $\langle u\rangle\cong V_{L}^{+}$
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. $M^{(0)}$ $M$ admissible V $U$ $V\ovalbox{\tt\small REJECT}$$L$
.
$v\mathrm{C}M^{([])}$ , $L\ovalbox{\tt\small REJECT}\neq 0$ . , $(L\ovalbox{\tt\small REJECT})\ovalbox{\tt\small REJECT}\nu\gamma-$ $\langle v)\ovalbox{\tt\small REJECT} L,v)\ovalbox{\tt\small REJECT}$
$V-$ . , admissible -$L$
$0arrow V_{L}^{+}arrow Narrow V_{L}^{-}arrow 0$
, admissible $\langle v\rangle\cong V_{L}^{+}\oplus V_{L}^{-}$
. $V_{L}^{+}(1)=0$ , $L_{1}u=0$ .
, $L_{1}v\neq 0$ , $\langle u\rangle\cong V_{L}^{+}$ . $M^{(1)}$
$M$ admissible $V_{L}^{+}$ - $W$ $V_{L}^{-}$ .
$M$ admissible $V_{L}^{+}$- $U+W$ $M^{(0)}\oplus M^{(1)}$ ,
$M/(U+W)$ $M/(U+W)=\oplus_{n=2}^{\infty}(M/(U+W))^{(n)}$ . 42
43 , $M/(U+W)=0$, $M=U+W$ .
$U,$ $W$ , $M$ .
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